L. plantarum per gram, or without initial acidification. After 2 1 d of fermentation, a high level of enzymatic breakdown of proteins and amino acids was observed: the nonprotein N level increased from 5% t o between 15 and 40% of total N and the volatile N level increased from 1% to between 3 and 11% of total N. An increase in histamine, cadaverine, and putrescine was also observed. Despite the technological measures taken, such as the application of a high inoculum of starter culture and initial acidification with .4% lactic acid, this amino acid breakdown could not be reduced to an acceptable level. These results suggest that, because of biochemical deterioration, fermentation alone is not a useful method of preservation of raw poultry byproducts.
Introduction
Many byproducts unfit for human consumption are produced during the slaughter of animals. The microbial quality of these byproducts is a matter of concern (Oosterom, 1986; EC-Council, 1990 ) because most are contaminated with high numbers of microorganisms (e.g., bacteria, viruses, virus-like particles, fungi, and yeasts), and the presence of microbial toxins cannot be excluded. Such byproducts are a potential risk t o animals fed these byproducts and to humans who consume products of these animals. Therefore, it is imperative that these byproducts be adequately processed to render them safe before feeding them to animals (Urlings et al., 1992) .
Animal byproducts can be processed in a variety of ways. Those processed by rendering plants and by feed plants (pet food and fur-animal feed) are 1) heated (100 to 135°C) and dried, as in rendering plants; 2 ) mixed with other ingredients, heated, and carefully J. h i m . Sci. 1993 Sci. . 71:2420 Sci. -2426 packed t o prevent recontamination; 3 ) mixed with other ingredients and frozen; and 4) mixed with other ingredients and cooled to approximately 2°C.
In several countries good results have been obtained by preserving fish and slaughterhouse byproducts by fermentation with lactic-acid bacteria (Echenne et al., 1984; Skrede and Nes, 1988) . Three main conditions for an optimal lactic acid fermentation are 1) addition of a sufficient amount of fermentable carbohydrates, 2 1 reduced pOz during the fermentation process and storage of the fermented product, and 3 ) rapid multiplication of the starter culture and sufficient production of lactic acid. A mixture of fish or meat byproducts, carbohydrate, and starter culture can be fermented to pH 4.4 to 5.0 in 24 to 48 h (Lindgren and Pleje, 1983) or even as low as 3.9 (Delatte, 1985) . When the process of fermentation of slaughter byproducts is successful the pH should remain < 5.0 for 2 1 yr (Delatte, 1985) . Silage produced in this way has been used as a constituent of feed for fur animals and pigs with various results ( T h g , 1984; Tibbetts et al., 1987) .
Different factors are known to influence the preservative action of lactic acid bacteria in meat products Palumbo, 1981, 1983; Lindgren and Refai, 1984; Kashket, 1987) . The main factors for successful preservation of meat products are 1) a low pH (< 4.5, to prevent growth of unwanted bacteria), 2) a substantial amount of non dissociated organic acid molecules, 3 ) buffering capacity of the substrate, 4 ) hydrogen peroxide or a protein-bound hydrogen peroxide, 5 ) competition with other bacteria for nutrients, 6 ) production of antibiotics and bacteriocins (bacteriocins are often bacteriostatic against closely related species), and 7 ) decreased redox potential.
With regard to costs of transportation, energy, distribution, and further storage of slaughterhouse byproducts, fermentation could be more economical than the traditional rendering processes. Thus, the experiments reported herein were conducted to evaluate fermentation of raw poultry byproducts for safety (no growth of unwanted bacteria) and perishability (no further degradation of amino acids during processing and additional storage).
Materials a n d Methods
Poultry byproducts were obtained from 7-to 8-wk-old broilers processed at a broiler slaughterhouse. Immediately after slaughter the byproducts (heads, viscera, and feet) were ground through a meat grinder equipped with a 10-mm plate and mixed with 10% (wt/wt) sugarbeet pulp and other ingredients (see below), including starter culture. After mixing, portions of the material were vacuum-packed in 500-g packets (plastic film: polyamide/polyethylene 20/75 pm, 0 2 permeability 25 to 30 (mL/ rn2).bar-l-d-l, 75% relative humidity). Fermentation and storage were conducted at 15°C for 21 d.
In the first experiment, poultry byproducts (which had been frozen at -20°C for 5 wk) were thawed and mixed with other ingredients, and half the samples were supplemented with 2% (wt/wt) dextrose. Three formulations of starter cultures, each added at a level of 106 colony forming units (cfu) per gram, were tested: 1) Enterococcus faecium (Echenne et al., 1984; TAng, 1984) grown in MRS broth (Merck 10661, Darmstadt, FRG), 2 ) LactobaciZZus plantarum (Purac, Gorinchem, The Netherlands) grown in MRS broth, and 3 ) a mixture of 1 and 2 (equal volumes). The aim of this experiment was to evaluate the use of dextrose with the different starter cultures.
In the second experiment, the effect of acidifying poultry byproducts (plus 10% sugarbeet pulp and 2% dextrose) to lower the initial pH was tested by adding .4% (vol/wt) lactic acid (Purac 80%@). In the third experiment, the effect of higher dextrose concentrations was tested by supplementing the samples with 3 or 4% (wt/wt) dextrose. The starter cultures in Exp. 2 and 3 were E. faecium and L. plantarum grown separately and added at an inoculation level of lo6 cfdg of product.
In the fourth experiment, the effect of two inoculation levels (107.7 and 108.9 cfu/g) of L. plantarum was tested.
Microbiological Analyses. Microbiological analyses were carried out immediately after preparation of the product ( d = 0 ) and after 1, 4, 10, and 21 d of storage. Samples were collected in sterile plastic bags and the pH of each specimen was measured using an electric pH probe (Electrofact 36100, Amersfoort, The Netherlands). Twenty-gram portions of each specimen were cooled to approximately 0 to 2°C pending analyses. The samples were subsequently diluted with 180 rnL of buffered peptone water ( BPW: pH 7.2 f . l , peptone 1%, NaCl .5%, NazHP04.2H20 .9% and K H 2 P O 4
.15%) and macerated in a stomacher for 2 min.
Decimal dilutions were prepared using a peptone ( .5 % ) saline ( .85 %) solution. Where stressed populations were being examined, colony counting was preceded by resuscitation of the 10-I macerate for 1.5 to 2 h at room temperature (Mossel et al., 1980) . The following colony counts per gram of product were assessed. Enterobacteriaceae were cultured on poured plates of violet red bile glucose agar (VRBG, Oxoid CM485, Basingstoke, U.K. with a similar overlay, and colonies were counted after 20 to 24 h of incubation at 37°C (Mossel et al., 1979) . Enterococci were cultured on spread plates of kanamycin aesculin azide agar ( KAA, Merck 5222, Darmstadt, FRG), and colonies were counted after 24 h of incubation at 37°C (Mossel et al., 1978) . Lactobacilli were cultured on spread plates of the medium described by Rogosa (Oxoid CM627, Basingstoke, U.K.), and colonies were counted after 3 d of incubation at 30°C under reduced 0 2 using the Gaspack system (Rogosa et al., 1951) .
Chemical Analyses. Samples for chemical analyses were taken immediately after preparation and at 21 d after the beginning of fermentation and frozen at -20°C pending their analyses. Dry matter content, total N (analyses by the Kjeldahl method; Anonymous, 19681, nonprotein N ( NI", using 10% TCA as a diluent; Astiasaran et al., 1990) , total volatile N ( ' I " , by the Kjeldahl method; Lindgren and Pleje, 19831 , and the content of the biogenic amines; histamine, putrescine, and cadaverine (after extraction with TCA and analyses by HPLC, according to the method of Schmitt et al., 1988) were measured.
Statistical Analyses. These were carried out using SPSS/PC+@ (SPSS, Chicago, IL). The statistical test used was the analysis of variance, completed with multiple-comparison tests according to Scheffe when more than two alternatives were tested (Norusis, 1986; Mossel and Jacobs-Reitsma, 1990 ). 
Results
Experiment 1. Poultry byproducts mixed with 10% sugarbeet pulp did not ferment to a stable product irrespective of the starter culture used (Tables 1 and  2) . A stable, fermented meat product has a pH that remains < 4.5. The pH of the product after 2 to 4 d was between 4.5 and 4.7 and increased to unacceptable levels (approximately 5.5) at 21 d. The concentrations of amino acid breakdown products such as TVN/total N ( > 10% at d 21) and the biogenic amines (histamine, cadaverine, and putrescine) at d 21 were also very high. An increase of the concentration of breakdown products of amino acids during processing and additional storage is unacceptable. When the poultry byproducts mixed with 10% sugarbeet pulp were supplemented with 2% dextrose and inoculated with Lactobacillus plantarum, alone or in combination with Enterococcus faecium, the pH decreased to 4.4 to 4.5 in 2 d (Table 1 ) and stabilized at 4.0 to 4.3 between 4 and 21 d. When E. faecium was the only inoculum the pH dropped to 4.2 but the number of enterococci decreased when the pH was < 4.4 ( d 41, suggesting that this strain is more affected by an acid pH than is L. plantarum. Therefore, L. plantarum has a greater potential for lowering the pH to approximately 4.0. Although considered a stable product in terms of pH, the level of TVN/total N in these byproducts was too high after 21 d (between 5 and 8%), and the biogenic amines levels were also elevated. The use of different starter cultures did not affect the maximum numbers of Enterobacteriaceae (Table 1) . Thus, production of biogenic amines and other volatile N compounds from enterobacterial degradation of amino acids would be expected to be of the same magnitude in the different products. However, the levels of ' I " , histamine, cadaverine, and putrescine in the poultry byproducts mixed with 10% sugarbeet pulp and 2% dextrose were higher on d 21 when inoculated with E. faecium ( Table 2) . Because inoculation with only E. faecium gave the poorest results in this study, the suitability of this strain as the sole inoculum for fermentation is questionable.
Experiment 2. Addition of .4% lactic acid to the poultry byproducts, mixed with 10% sugarbeet pulp and 2% dextrose, and supplemented with equal volumes of L. plantarum and E. faecium as the starter culture, resulted in an immediate decrease of the pH from 5.9 to 5.2 (Table 3) . Between d 1 and 4 there was little difference in pH between the products, possibly related to a decreased growth rate in the acidified product of all measured bacterial genera. After d 4, however, the pH in the acidified, fermented byproducts was lower than that in the unacidified product. Thus, the addition of lactic acid did not affect the conversion of carbohydrates to acids in the long term. The growth of the enterococcal starter culture was inhibited more than the growth of L. plantarum by the addition of lactic acid. Although growth of Enterobacteriaceae in the byproducts with .4% lactic acid was inhibited, the numbers of these bacteria remained high a t approximately 7 (log cfu/g) during the first 10 d of fermentation. Mainly as a result of the high level of spoilage bacteria, the deamination in the product was high (Table 4 ). The percentage of TVN/ total N was approximately 4% at 21 d of fermentation in both products. In comparison to the first experiment (Table 2 ) the TVN/total N level a t d 0 was lower in the second experiment. This was probably caused by the handling of the poultry byproducts in Exp. 1, when these products were frozen and thawed before the experiment started. The TVN/total N level after 21 d of fermentation, however, was similar in both experiments.
Experiment 3. The addition of dextrose in concentrations of 2, 3, and 4% resulted in differences in pH (Table 5 ). When 2% dextrose was added, the pH decreased to 4.5 after 4 d, although at 21 d the pH had increased slightly to 4.7. A similar pattern was observed with 3% dextrose. When 4% dextrose was used, the pH decreased to approximately 4.1 after 4 d and was still stable at this level after 21 d of fermentation. This treatment, however, showed only some inhibitory effect on bacterial numbers. Specifically, the Enterobacteriaceae and the enterococci increased in number to a similar extent during the fermentation, but the decrease in numbers was faster with increasing dextrose supplementation. No effect was observed on the number of lactobacilli with different dextrose concentrations. The differences in the protein and amino acid breakdown between the three different formulations were small (Table 6) .
Experiment 4 . Inoculation of poultry byproducts with 8.9 in log cfdg of L. plantarum resulted in a decrease in pH (Table 7 ) from 5.9 to 4.4 within 24 h and decreased further to pH 4.1 after 10 d. A similar pattern was observed for the inoculation level of 7.7 in log cfdg of L. plantarum. The inhibited increase in the number of Enterobacteriaceae during the first 24 h was only .5 logarithmic unit, compared with those byproducts inoculated with 6.5 in log cfdg of L. plantarum (see Table 5 ). After d 1, however, the numbers of Enterobacteriaceae decreased faster in comparison with products in Exp. 3. The decrease of Enterobacteriaceae was most obvious in the highestinoculated product. Despite the lower numbers of Enterobacteriaceae the percentage of TVN/total N was still between 3 and 4% on d 21 (Table 8) . Only minor differences in the other parameters measured were observed between the products inoculated with 7.7 or 8.9 ( i n log cfdg of L. plantarum). 
Discussion and Conclusions
It was clear that a minimum level of fermentable carbohydrates (equivalent to 2 3% dextrose) was necessary to obtain a favorable decrease and stable pH during the 21 d of fermentation and storage. This is a higher percentage of fermentable carbohydrate than others have reported to be necessary. Delatte (1985) added 7% molasses with 12% precooked wheat and Skrede and Nes ( 1988) added 6% molasses, and in both cases the pH of the fermented products reported was approximately 5 . Lindgren and Pleje (1983) reported an increasing pH (from 4.3) during storage of fermented fish byproducts that were mixed with 10% cereals and 10% molasses: after 20 d, the pH had risen to approximately 4.5 and to approximately 5 at 50 d of fermentation. Tibbetts et al. (1987) In all our experiments an increase in Enterr.bacteriaceae had been observed during the 1st d of fermentation. Attempts to moderate this increase substantially ( a high inoculation level of approximately 8.9 in log cfdg L. plantarum or acidification with .4% lactic acid) failed. These manipulations resulted in only minor changes compared with the other fermentations described in this paper. Lindgren and Pleje (1983) reported a decrease in the number of Gram-negative bacteria during the first 24 h of fermentation of fish byproducts to < 2 (log colony forming unitdgram), and the number of coliforms decreased in 5 d from approximately 3 to < 1.0 (log colony forming unitdgram). Those findings are not in accordance with our results. Lindgren and Pleje, however, used fish byproducts, which have a lower initial contamination level than poultry byproducts, which contain large numbers of Enterobacteriaceae.
An increase in NPN and TVN in fermented fish byproducts was also reported by Lindgren and Pleje (1983) . The percentage of NPN/total N increased t o approximately 70% at 33 d of fermentation, whereas the TVN/total N level increased to approximately 8%. It was for these reasons that Lindgren and Pleje (1983) doubted the suitability of fermentation for the preservation of fish byproducts on an industrial scale. In this paper similar chemical changes are described for poultry byproducts but on a lower level, mainly caused by less intrinsic autolytic activity in the product compared with fish (Raa and Gildberg, 1976) .
However, inoculation with a high level of L. plantarum, or acidification with .4% lactic acid before fermentation, still resulted in too high a level of degradation of amino acids. The usefulness of these fermented products as a raw material for animal feed cannot be assessed until it is known precisely how animals will react to elevated amino acid breakdown products in a fermented feed (Urlings et al., 1992) . Other techniques to moderate the degradation of amino acids, such as heating (Urlings et al., 19921 , may have to be implemented in the processing of the raw materials before fermentation takes place. The advantage of heat treatment is that it also reduces the risk of dispersion of certain pathogenic viruses.
Implications
A high inoculation level of approximately 8.9 in log colony forming units per gram of L. plantarum or acidification of the initial mixture with .4% lactic acid did not result in a marked improvement in fermentation of raw poultry byproducts with regard to biochemical breakdown. The protein and amino acid breakdown resulted in too high levels of nonprotein nitrogen and total volatile nitrogen, respectively. The fermentation of raw slaughter byproducts as a method of preservation is, therefore, questioned. Pasteurization before fermentation is suggested as a method to improve the preservation.
